Observed and theoretical features concerning the nature of so-called cometary "bow shocks" or "bow waves" are discussed. Collective plasma effects associated with the presence of pickup ring ions (protons and water ions) in the vicinity of the supermagnetosonic to submagnetosonic transition region in the quasi-perpendicular limit are considered; the linear and nonlinear evolution of instabilities around the lower hybrid frequency is emphasized. It is shown that lower hybrid waves can lead to heating and produce distributions with magnitudes in reasonable agreement with Giotto data. The implications to the existence and structure of cometary bow shocks are discussed.
). By analogy with the Earth an'd Other planets,. one might expect the transition to be accomplished by means of a collisionless bow shock. However, there are reasons for supposing that either a bow shock may not be present at all or, if it does exist, it may look radically different from other planetary bow shocks [Wallis, 1972; Omidi et al., 1986 ], a hypothesis confirmed by the data. One reason for the uncertain structure of cometary "bow shocks" may be found in the unusual nature of a cometary magnetosphere.
As a comet approaches the Sun, material from the nucleus sublimates and moves into the surrounding solar wind plasma. The atoms (principally protons and members of the water group [Mukai et al., 1986] ) are ionized by either solar ultraviolet radiation or charge exchange with solar wind ions and can subsequently interact with the ambient solar wind plasma and magnetic fields. The initial phase of this interaction is referred to as solar wind "pickup" of cometary ions. The newly ionized particles are subjected to the solar wind motional electric field and gain energy, whereas the solar wind loses directed energy and is decelerated, a process referred to as solar wind "mass loading." The solar wind is thus continually decelerated as it approaches the comet, in the case of Halley over a distance of many million kilometers.
The exact form of the ion pickup process depends on the spiral angle (tp) between the solar wind plasma and magnetic field directions, where tp is defined as ¾sw ' Bsw = VswBsw cos tp. When • • 0, the cometary ions form a field-aligned beam with velocity Vsw in the solar wind reference frame, whereas when tp • n/2, they form a ring distribution function in velocity space. For intermediate angles the distribution is a combiCopyright 1988 by the American Geophysical Union.
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0148-0227/88/008A-9488505.00 Solar wind mass loading can modify the nature :of any bow shock or may result in an Unshocked supersonic-subsonic flow transition [Wallis, 1972] . The continual mass loading implies that the solar wind is steadily decelerated over lengths much longer than a typical Shock:length scale (Which for a low Mach number case will be of the order of a streaming gyroradius ZVsw/f• i [Omidi and Winske, 1987] ). The deceleration is, however, accomplished without an accompanying heating of the solar wind. The kinetic energy lost by the solar wind protons is stored in highly nonthermal velocity ring type distributions of cometary ions. These distributions are unstable to both low-frequency magnetohydrodynamic (MHD) instabilities Omidi and Winske, 1987] and electrostatic lower-hybrid waves as discussed in this paper. The possibility arises that these waves which are carried by the solar wind interact near the bow wave with the solar wind protons thereby raising their temperature without any appreciable momentum coupling. A supermagnetosonic to submagnetosonic transition can thus be accomplished through the equivalent of nonlocal viscosity without the me- 
IBI (-D e M A sin ½ Results (7) and (9) will be used in the next section.
Experimental Evidence
We now discuss the processes outlined above in light of the currently available data from the comet Halley encounters. Far from the comet, the solar wind is highly super-Alfv6nic and y << 1 so that the condition for driving flute modes (equation (7)) is not satisfied. In this region where M A >> 1, we expect that the dominant modes will be the low-frequency (to < fli) MHD waves which are triggered by the field-aligned component of the pickup ions as observed by Tsurutani and Smith [1986] . As the solar wind approaches the comet, the value of M A decreases while y increases.
From (7) it is easy to see that if condition (6) is satisfied, the flute ion-ion instability will always be triggered ahead of the supersonic to subsonic transition. Note that other means of generating hybrid waves (such as the "shock" postulated by Omidi and Winske [1987] ) would give similar results. This is because, given an appropriate free energy source, the frequency and E/B ratio depend only upon the background plasma parameters. The gyrating upstream ions observed by Omidi and Winske will form a beam with respect to the background plasma in the shock foot rather than a ring. However, this would not affect the properties of the lower hybrid waves. We also point out that U.S. spacecraft cannot observe plasma waves in this frequency range owing to their spin rate; so we cannot discuss this mechanism as it might apply to comet G-Z.
HEATING AND ACCELERATION OF PICKUP COMETARY PARTICLES

Theoretical Considerations
Having established the cause of the sharp increase in the amplitude of the electrostatic lower hybrid waves in the vicinity but ahead of any potential shock transition, one needs to examine the resulting anomalous transport. In this paper we confine our analysis to the relaxation of the ring distribution of the picked-up cometary ions. Energy transfer and heating of the solar wind will be examined in a future publication. also implies that heating can easily occur, which will not be the one-dimensional result.
The relaxation is computed on the basis of a quasi-linear theory. As noted above, the instability results in a cylindrically
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